The Estimation of Expediency of the Cylinder Internal Finning in the Single-stage Compressor with a Temporary-rotary Operating Mode  by Prilutskiy, I.K. et al.
 Procedia Engineering  113 ( 2015 )  233 – 236 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Omsk State Technical University
doi: 10.1016/j.proeng.2015.07.326 
ScienceDirect
International Conference on Oil and Gas Engineering, OGE-2015 
The estimation of expediency of the cylinder internal finning in the 
single-stage compressor with a temporary-rotary operating mode 
Prilutskiy I.K.a*, Prilutskiy A.I.a, Galyaev P.O.a, Molodov M.A.a 
aThe National Research University ITMO, 49, Kronversky Pr., St. Petersburg 197101, Russian Federation 
Abstract 
The paper presents the calculation methodology of the numerical experiment of the gas flowing in the single-stage compressor 
with a temporary-rotary operating mode with the internal finning of the cylinder. The numerical results of the research obtained 
on the basis of the programme KOMDET-M are represented in the paper. The expediency and inexpediency of the internal 
finning of cylinders in the stages of the low-consumption compressors with small-size cylinders and minimum gas density under 
suction at the moderate shaft speed and intensive (water) cooling is proved. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The compressors with a temporary-rotary operating mode occupy the separate place among the existing types of 
the compressors. Their peculiarity is generally the one-stage modification and high ratio of the stage pressure (π = 
рdis/рsuc≤ 11), (where рdis is рdischarge, рsuc is рsuction). It is considered that the gas temperature at the standard point of 
the discharge stage (SPD) Тdis* should not exceed the permitted value (Тdis* ≤ 453 К) at π → max, at the initial 
temperature of the cylinder walls Тw ≈Тenv and under the short-time operation of the compressor; it can be achieved 
in various ways including the extending of the cylinder inside surface by means of the working chamber finning 
[1...6].  
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2. Study subject (Model, Process, Device, Synthesis, Experimental procedure, etc.) 
The stages with a trunk piston were chosen as the study subject. They are equipped with the spherical valves the 
which quantity is chosen due to the condition λp → 1.0. The actuation gas is the air. The stage cooling is either water 
(кst = 0.3) or air (кst = 0.5).  
3. Methods 
Let us introduce the concept - the internal finning coefficient Кfin ≥ 1.0; it represents the cylinder surfaces ratio 
with the finning and without it. Taking into account the coefficient Кfin, the specific heat-exchange surface of the 
cylinder is described by the dependency (1):  
ܨ௦௣Ǥ௛ି௘௫௖௛ ൌ ܨ௛ି௘௫௖௛Ǥ ݉ݐΤ ൌ ʹ ൫ܭ௙௜௡ ൅ ܵ௣௜௦ ܦ௖௬௟Τ ൯ ൫ߩ௦௨௖ܵ௣௜௦൯ൗ ǡ݉
ଶ
݇݃ൗ                                                             (1)           
where ܨୱ୮Ǥ୦ିୣ୶ୡ୦ is the average heat-exchange surface of the cylinder per cycle, m2; 
݉ݐ ൌ ߩୱ୳ୡ ௛ܸ is the theoretical stage efficiency per cycle kg/c; 
௛ܸ – the geometric volume of the working chamber 
The main objective of the conducted computational analysis is the estimation of expediency of the cylinders 
internal finning implementation of the stages operating at the high pressure ratio with water and air cooling. The 
following assumptions were admitted in the process of the numerical experiment: 
x the compressor stage is air-tight (νi = 0, νe.l. = 0), the gas is dry (νe.l. = 0) (where νi - νinflow; νe.l. - νexternal leakage); 
x the losses caused by the late valves closure, νo. → 0 (where νo. - νoverflow); 
x the stage clearance pocket under the internal finning of the cylinder remains constant, that is, a = const. 
The points plotted on the graph correspond to the check points of the working cycle. The numerical experiment 
was conducted on the basis of the program KOMDET-M [6]. 
While analyzing the numerical experiment results, the supply coefficient of the stage O and its components were 
interpreted taking into account the admitted assumptions according to the equation (2): 
ߣ ൌ ݉ ݉ݐΤ ൌ ܯ ܯݐΤ ൌ ߣ௣ߣ௧ߣˑ െ ሺߥ௢ ൅ ߥ௜ ൅ ߥ௘Ǥ௟Ǥ ൅ ߥ௛ሻ ൎ ߣ ൌ ߣ௣ߣ௧ߣˑ                                                                    (2) 
where  ߣ୮ ൌ ݌ଵ ݌௦௨௖Τ  is the pressure coefficient; 
ߣТ ൌ Т௦௨௖ ТଵΤ  is the heating coefficient; 
ߣ଴ ൌ ͳ െ ܽሺߩଷ ߩଵΤ െ ͳሻ is the volume coefficient; 
ߥ୭ ൌ ߣ୮ߣтሺοߣୱ୳ୡǤ୴ ൅ ሺοߣୢ୧ୱǤ୴ሻ is the coefficient taking into consideration the volume losses connected with the 
late closure of the suction and discharge valves, with the intensity level of the heat-exchange processes and of the 
gas-dynamic resistance value; 
  ߥ୦ - ߥ୦୳୫୧ୢ୧୲୷. 
Analyzing the actual parameters of the common compressor stage produced without the internal finning of the 
cylinder under the water cooling (π = 3 … 9, Кst= 0.3, Кfin= 1) it is possible to confirm: 
x At the high pressure ratio in the stage (π = 9) even under the intensive water cooling of the cylinders (Кst = 0.3), 
the gas temperature in the cylinder at the end of the compression process reaches 555 K, this is much higher than 
the permissible values when in service. 
x Under the intensive water cooling (Кst → min), the expansion 3'-р-4 and compression processes 1'-с-2 are carried 
out in the conditions of alternating heat exchange at Кfin= 1, but by reference to the resulting parameters they are 
characterized as the heat rejection processes because the gas entropy is less at the end of each process than at the 
beginning: s4 <s3' и s2<s1'.  
x The decreasing of gas temperature during the discharge process reaches ∆Т2-3 = 26 К and it is practically equal to 
its rising during the suction process ∆Т4-1 = 24 К. 
The analysis of the actual stage parameters under the water cooling (Кst = 0.3) represented in Figure 1 in 
coordinates Т – s allowed to establish the following: 
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x The expansion process 3' – 4 under the internal finning of the cylinder (Кfin> 1) is transformed and characterized 
by reference to the resulting parameters as the process with heat input to the gas  (s4 >s3'). The heat input quantity 
corresponds to the value ∆s3'-4 and it is increased with the rising of Кfin. It should be pointed out that at the Кfin >> 
1, the gas temperature is Т4 =f (Т3') → min at the end of the expansion process.  
x  The suction process 4-1 under the internal finning of the cylinder (Кfin> 1) is carried out with the heat input to 
gas in the quantity of ∆Q4-1 = f (Кfin) at its initial temperature is Т4 = f (Кfin). The data of the calculation research 
show that the gas temperature in the cylinder Т1 = Тsuc/λt corresponding to the beginning of the compression in 
the stage with the internal finning and with the water cooling of the cylinder (Кst = 0.3) remains practically 
constant. 
In the similar air cooling stages the heating coefficient λt decreases with the inrease of the finning coefficient 
which indicates the gas temperature increasing at the beginning of the compression Т1.  
x During the compression process the increase of Кfin is followed by the growth of the heat rejection intensity in 
the section c-2, where the gas temperature is higher than the temperature of cylinder walls. Consequently the 
cylinder internal finning of the stages with the intensive water cooling (Кst = 0.3) enables the decrease of the gas 
temperature in the cylinder at the beginning of the discharge process ∆Т2 reaching the value ≈ 26.6 К at π = 9 
and Кfin = 3. The internal finning of the cylinder impacts the thermal state of the stage negatively under the air 
cooling because it results in the increase of the gas temperature at the beginning Т1 and at the end of the 
compression process Т2.  
 
Fig. 1. The working cycles of the compressor air-tight stage in the coordinates Т – s under the water cooling (Кst = 0.3 air). 
x The discharge process 2-2'-3 is conducted under the heat rejection (s3 <s2) and is followed by the decrease of the 
gas temperature by the quantity ∆Т2-3 = Т2 – Т3 reaching the values ∆Т2-3 = 90 – 100 К in the finned water cooling 
stages (Кfin = 3). The analysis of the results shows that the finning allows to decrease the gas temperature at the 
end of the discharge process Т3<<Т2 and the average temperature of the discharged gas Тdis per cycle, which is 
positive from the viewpoint of the stage heat density. 
Alternatively the temperature Т3 is essentially the gas temperature in the stage clearance pocket Тм = Т3, the 
decrease of this temperature is equal to the increase of the gas mass in the stage clearance pocket at а = const. The 
value of the volume coefficient Oо at various finning coefficients will depend on the ratio of gas density ρ3/ρ1 = f 
(Кfin) because Oо  = 1 – а∙(ρ3/ρ1 – 1).  It is obvious from the represented data that the gas density at the end of the 
suction process is ρ1 = f (Кfin) = const, under the water cooling of the cylinder, while under the air cooling it is 
increased with the rising of Кfin; at the end of the discharge process it is ↑ρ3 = f (Кfin↑) independently of the way of 
the stage cooling. Their ratio increases proportionally to the value Кfin with the varying intensity.  
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4. Results and discussion 
Consequently, the internal finning developing the gas temperature decrease in the check points of the working 
cycle results in the obvious decrease of the volume coefficient Oо and the supply coefficient O and therefore of the 
compressor efficiency even accepting the assumption: а = const. 
It is also necessary to point out one more factor significantly influencing upon the stage work, it is the gas heating 
during the suction process. The data analysis shows that the implementation of Oт  → 1 is only observed in the water 
cooling stages in which the minimum temperature of the discharged gas, the acceptable efficiency losses and the 
maximum possible level of isothermal indicating efficiency are provided in the presence of the internal finning. 
5. Conclusion 
Thus, the internal finning of the piston compressor stages is expedient: 
x in the stages of the low-emission compressors with small-sized cylinders and the minimum gas density under 
suction at the average shaft speed and intensive (water) cooling;  
x in the real stages the benefit from  the internal finning implementation will be reduced because of the actual 
clearance pocket increasing; 
x in the stages of the booster compressors with the air cooling the implementation of the cylinders internal finning 
loses its importance because of the efficiency factors degradation of the compressor operation. 
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